INTRODUCTION
Migraine is a neurological disease that affects approximately 12.0-16.0% of the population. It leads to specific disabling conditions and has a genetic component [1] . Despite its high prevalence, the complex pathogenetic mechanisms of migraine remain unclear. However, the significance of nitric oxide (NO) in migraine pathogenesis has been reported in some studies. In essence, NO plays an important role in cerebral blood flow regulation and is involved in the activation of nociceptors in the trigeminovascular system and the release of vasoactive neuropep-tides during the neurogenic inflammatory response [2, 3] causing vascular homeostasis, blocking of platelet adhesion and aggregation, inhibition of migration and proliferation of leukocyte and vascular muscle cells [4] . Thus, NO makes a significant contribution to antiatherogenic features in the endothelium.
According to recent studies, genes encoding endothelial function regulators are indicated as significant candidate genes in individuals susceptible to migraine. Therefore, it has been claimed that gene polymorphisms for endothelial nitric oxide synthase gene (eNOS), are possible genetic factors involved in migraine [2] . It has been indicated that there is a strong association between NO and the pathophysiology of migraine and aura [5] . During the headache phase, an increase of platelets and administration of NO as an exogen makes the headache worse [5] . A Glu 268Asp amino acid change and point mutation (G894T, rs1799983) leads to a guanine to thymine change on exon 7 and nucleotide (nt) 894 in the eNOS gene, and this is related to reduced basal NO production. Another polymorphism (-786T>C, rs1800779) leads to a thymine to cytosine change on the eNOS 5' promoter region -786 nt, which causes a reduction of both eNOS gene promoter activity and basal NO production [2] . To date, the studies investigating the association between migraine and eNOS gene polymorphisms have focused on eNOS rs743506, rs2070744, rs1799983, rs180079, rs3918226, rs207468799 and rs148554851 [5] .
We believe that it is important to determine the genetic basis of the common primary headache that leads to migraine, since the latter creates disabling circumstances for people with regard to their social and working life. Therefore, we investigated phenotype-genotype association between eNOS rs743506, rs2070744, rs1799983, rs180079, rs3918226, rs207468799 and rs148554851 gene polymorphisms, which we suggest are candidate markers of susceptibility to migraine with and without aura.
MATERIALS AND METHODS

Participants.
A total of 300 individuals, comprising 175 migraine patients [25 (14.3%) [6] . The need to recruit 103 cases to both patient and control groups was calculated on the basis that polymorphisms might be observed as 0.34 in the control group, and an odds ratio (OR) of 2.21, so in order to find an eNOS polymorphism association at 80.0% power, 300 people consisting of 175 patients and 125 controls were recruited. Patients who had cardiovascular, renal, hepatic, gastrointestinal, pulmonary, endocrine, oncologic, autoimmune, respiratory and inflammatory diseases were excluded. Controls were selected randomly among people who had no cardiovascular, renal, hepatic, gastrointestinal, pulmonary, endocrine, oncologic, autoimmune, respiratory, inflammatory and psychiatric diseases.
Genotype determination. Peripheral blood samples from both patients and controls were drawn into 2 mL EDTA tubes. DNA isolation from peripheral blood samples were performed using Qiagen DNA isolation kits (EZ1® DNA Blood 200 µL Kit; Qiagen, Hilden, North Rhine-Westphalia, Germany) with an EZ1 Advanced XL (Qiagen) Nucleic Acid Isolation system. Consequently, DNA concentration and purity of isolated DNA samples was measured using a NanoDrop device [NanoDrop 2000C; Thermo Fisher Scientific Inc., Wilmington, MA, USA]. After measurement of concentration and purity, amplification polymerase chain reaction (PCR) for pyro-sequencing was performed according to the manufacturer's recommended PCR protocol, using a PyroMark PCR kit (Qiagen) and primers in a PyroMark Custom Assay Kit (Qiagen) for detection of each polymorphism, such as rs743506, rs207468799, rs3918226, rs2070744, rs1799983, rs148554851 and rs180079. Amplification PCR performed with initial denaturation at 95 °C for 15 min., followed by 45 cycles at 94 °C for 30 seconds, 60 °C for 30 seconds, 72 °C for 30 seconds, and a final extension 72 °C for 10 min.
After PCR amplification, PCR products were pyro-sequenced to detect each polymorphism using sequencing primers from a PyroMark Custom Assay Kit, according to the manufacturer's instructions (PyroMark Q24 System; Qiagen). The results were then analyzed using the PyroMark Q24 software system (Qiagen), and the genotypes for polymorphisms were determined using samples from both controls and patients (Qiagen). 
RESULTS
Migraine with aura was detected in 58 patients and migraine without aura was detected in 117 patients; the difference was statistically significantly (p <0.001).
There was no significant difference in terms of average age of both patient and control groups, or in terms of body mass index (BMI) (p >0.05). Moreover, there was no statistically significant association between time after migraine diagnosis, frequency, family history of diagnosis of migraine, stroke and coronary artery disease, and allele-genotype frequency of eNOS rs743506, rs207468799, rs2070744, rs1799983, rs148554851, rs180079 and rs3918226 gene polymorphisms (p >0.05). Migraine attack duration was longer than 24 hours in 77.2% of migraine patients with aura, and in 45.3% of patients with migraine without aura (p = 0.001). There was a statistically significant association between the eNOS rs1799983 TT genotype frequency and headache duration of longer than 24 hours (70.0%) and headache duration of shorter than 24 hours (30.0%) (p = 0.047). The GG genotype frequency of the eNOS rs743506 gene polymorphism was detected to be 70.0, 30.0 and 0.0% in migraine patients with severe, mild and light headaches, respectively (p = 0.381). The GG genotype frequency of the eNOS rs743506 was determined to be 70.0% in patients with headache duration of longer than 24 hours, and as 30.0% in patients with headache duration of shorter than 24 hours. Although there was no statistically significant difference, the GG There were no statistically significant differences in association of genotype and allele frequencies of eNOS rs743506, rs207468799, rs2070744, rs1799983, rs148554851, rs180079, rs3918226, rs207468799 and rs148554851 gene polymorphisms between the patient and control group (p >0.05), as shown in Table 2 . No statistically significant differences in genotype frequencies of the above gene polymorphisms were detected between the migraine with and without aura patient group and the control group (p >0.05), as shown in Table 3 .
Genotypes of patients were evaluated and haplotype analysis was performed. Unlike other studies, a total of seven polymorphisms were studied. This increases the frequency of heterozygous genotypes. Haplotype analysis was performed in individuals with a homozygous genotype of seven polymorphism (wild type/mutant type). Haplotype analysis could not be performed in individuals with a heterozygous genotype because the genotypes of the parents of patient and control groups were not known. According to our study results, six haplotypes in the patient group and four haplotypes in the control group were created ( Table 4 ). The AGGTGGA haplotype was detected in 41 (56.9%) migraine patients, while only in 31 (43.1%) people in the control group. No significant difference was found between patient and control groups in terms of frequency of carriers of this haplotype (p >0.05). The AGGCGGG hap-lotype was detected in two people each in the patient and control groups. The GGGTGGA and GGGCTGG haplotypes were observed in one person each in the patient and control groups. The GGACTGG and AGGTTGA haplotypes were detected only in one person in the patient group but not in the control group (p >0.05). The AGGTG-GA haplotype was observed in 16 (39.0%) patients with migraine with aura and 25 (61.0%) patients with migraine without aura; the difference was not statistically significant (p >0.05). Two (4.9%) patients with migraine with the AGGTGGA haplotype had mild headaches, whereas 14 (34.1%) had moderate and 25 (61.0%) had severe headaches. In terms of the AGGTGGA haplotype, the severity of headache was statistically significant, and was found to be severe in 61.0% (p = 0.0001). Nine (22.0%) of the patients with migraine with the AGGTGGA haplotype had episode duration of <12 hours, while nine (22.0%) patients had episode duration between 12 and 24 hours, and 23 patients had episode duration of >24 hours. There was a statistically significant difference in headache duration in terms of AGGTGGA haplotype.
There was no statistical difference between the AGGTGGA haplotype patients with migraine and with or without aura, in terms of monthly headache frequency (p >0.05). None (0.0%) of the patients with migraine aura and the AGGTGGA haplotype had mild headaches, while two had moderate and 14 (87.5%) had severe headaches. Two (8.0%) of the patients without migraine had mild headaches, while 12 (48%) had moderate and 11 (44.0%) had severe headaches. Between the AGGTGGA haplotype of migraine with or without aura, there was a significant difference in terms of severity of headache, 87.5% of patients with migraine with aura had severe headaches (p = 0.050). Three (18.8%) of the patients with migraine with aura with AGGTGGA haplotype had episode duration of <12 hours, none of them had episode duration between 12 and 24 hours, and 13 (81.3%) had episode duration of >24 hours. Six (24.0%) of the patients with migraine without aura had episode duration of <12 hours, nine (22.0%) had episode duration between 12 and 24 hours, and 23 (56.1%) had episode duration of >24 hours. Although there was no statistically significant difference in AG-GTGGA haplotype between patients with migraine with and without aura, the duration of headaches was >24 hours in 81.0% of the patients with clinical aura (p = 0.072).
DISCUSSION
Migraine is a neurovascular disorder that particularly affects females and may cause significant disability [7] . The pathogenesis of migraine is fairly complex, and is not yet clear. Several previous studies have investigated candidate genes affecting endothelial function, such as eNOS, inducible NO and vascular endothelial growth factor (VEGF), and studies investigating gene-gene interaction are more effective in increasing our understanding of the genetic basis of migraine [8] . Genetic patterns can change in terms of ethnic and racial properties. Thus, the results of gene polymorphism studies conducted in different countries and in people with different ethnicity and race can differ from one another. Our study examined patients and healthy controls living in the city of Edirne in the Thrace region of Turkey. There are few immigrants in this region, and no massive population exchange has occurred, meaning that demographic properties have been preserved. In the present study, we proposed an association between eNOS polymorphisms and frequency, severity and duration of headaches.
In previous studies, it has been shown that healthy individuals suffering from migraine-like headaches, when they use medications containing NO [9] . Moreover, administration of NO inhibitors due to their anti-migraine effects, is consistent with the concept of abnormal NO formation contributing to the pathogenesis of migraine [10] . In this respect, while NO formation is mostly attributed to the activity of three different NOS [endothelial (eNOS), neuronal (nNOS) and inducible NOS (iNOS)], it is possible that the excessive amounts of NO, possibly contributing to migraine, are derived from increased expression and activity of iNOS [11, 12] . Although iNOS is primarily regulated at the transcriptional level, the association of the promoter region of the iNOS gene with migraine susceptibility was also examined [13, 14] .
Haplotype analysis is important, because the analysis of genetic combinations in the involved region and effects of genetic markers can provide further information, if they are examined properly [13] . Mansur et al. [12] studied the functional and clinical association of iNOS genetic polymorphism [the C -
1026
A polymorphism (rs2779249) in the promoter region, and the G2087A polymorphism (rs2297518) in exon 16] with migraine with or without aura, and also the association of iNOS haplotypes with migraine [12] . While the H4 haplotype is associated with migraine with aura (that combines both A alleles), the presence of the A allele and H4 haplotype for the G2087A polymorphism has been shown to increase the tendency. Considered together, these findings reveal that the A allele for the G2087A polymorphism is a predisposing factor for aura development in patients with migraine. It has been shown that the tendency to develop migraine with aura increases when the A allele is combined with the C -1026 A polymorphism [12] . Thus, the association between iNOS activity and development of migraine was detected. It has also been reported that patients, who are at-risk of developing migraine with aura, may be detected earlier and can benefit from selective or non selective iNOS inhibitors [12] . Therefore, the individuals who have genetic expression and increased iNOS activity associated with genetic markers, are expected to benefit more from treatment with selective iNOS inhibitors.
In some migraine cases, in addition to nausea, vomiting, photophobia and phonophobia, temporary neurological symptoms that occur before the onset of headaches, and known as aura, have been observed [15] . Migraine with aura is especially associated with cerebrovascular and cardiovascular disease risk. There is much evidence to suggest that NO is active in the pathophysiology of migraine and aura, and it exerts its effects via control of cerebral blood flow, nociceptor activation in the trigemino-vascular system and vasoactive neuropeptide release during neurogenic inflammation response. It has been reported that genes responsible for regulation of endothelial function are important in people who are susceptible to migraine. Therefore, it has been claimed that eNOS gene polymorphisms create a genetic predisposition to migraine.
Migraine and cerebrovascular disease, especially association with ischemic stroke, is one of the most confusing neurological problems. Although the two disorders have differing epidemiologies, case-control and population-based studies have shown that there is a significant association between ischemic stroke and migraine. Indeed, migraine with aura in particular, is an independent risk factor for ischemic stroke [16] . Previous studies have shown that gliceryl trinitrate can cause migraine-like headaches by turning into NO, and L-MMA (L-nitromonomethylarginine), a potent anti-migraine and NOS inhibitor, is effective in those cases [17] . However, the mechanism by which NO triggers migraine has not been identified. In particular, an increased risk of ischemic stroke and cardiovascular diseases should be the focus in female patients with migraine-related endothelial dysfunction and migraine with aura [18] . In our study, we detected no statistically significant association between eNOS rs743506, rs207468799, rs2070744, rs1799983, rs148554851, rs180079 and rs3918226 gene polymorphisms and ischemic stroke, cardiovascular and cerebral medical history.
The correlation between vasodilation, headache and, thereby, NO presence, has been shown in previous studies. Thus, the important role of detected genetic variations in eNOS in the pathogenesis of migraine with aura has been reported [19] . In contrast, we did not detect a similar correlation for migraine with aura. It has been indicated that differences in ethnic groups plays a main role in distribution of eNOS variants [20] . Knowledge of the differences in haplotype frequency and association between variants is thought to provide a better understanding of the role of eNOS in cardiovascular and cerebral diseases.
We determined significant differences in the distributions of eNOS haplotypes in patients with migraine, with and without aura. The GA genotype of the tag single nt polymorphism (tagSNP) rs743506 showed protective effects and the haplotypes "C C a Glu G" and "C C b Glu G" were associated with aura in migraine patients. This shows that eNOS genetic variations can increase aura progression. However, the decision-making mechanism is not certain. Furthermore, it has been claimed that different isoforms, known as nNOS, and their polymorphisms, may be capable of playing a role in migraine progression [5] .
Haplotype analysis, combinations of genetic markers within a chromosome cluster location, is valuable because it provides a more powerful approach to genetic studies. Because only the analysis of a single nt can be performed each time, it is possible to eliminate inconsistencies [21] . While the association between individual eNOS polymorphisms and concentration changes of nitrate in blood cannot be detected, Metzger et al. [22] have shown that the specific and unifying eNOS gene alleles of the selected eNOS haplotype, is associated with low nitrate concentrations in blood of apparently healthy individuals. The haplotype-specific expression pattern has also been shown for eNOS, that was determined by variants of the eNOS gene [23] . Intensive effort has been made to verify the clinical markers of NO formation [24, 25] . Nitric oxide-induced soluble guanylyl cyclase is one of the most important biological effects produced by NO, thereby, the concentration of cyclic guanosine 3,5 monophosphate (cGMP) increases. Previous studies reported that an eNOS poly-morphism alone has no important effect on NO formation, however, combined with specific haplotypes, it has been reported to have important effect. Thus, it significantly does not affect in vivo bioavailability of NO. In our study, we demonstrated that the AGGTGGA haplotype constitutes a risk in patients with migraine in terms of severity and duration, and also that risk is higher in patients with migraine with aura. Consistent with the literature, specific haplotypes have higher and more specific effect on NO formation, and this constitutes one of the most important results of our study.
Plasma concentrations of cGMP have been reported to have no significant effect on eNOS polymorphisms and its haplotypes [26] . Considering the specific eNOS genotypes alone, it is uncertain whether or not eNOS haplotypes have an important contribution to the formation of NO. In the literature, it has been reported to have an important relationship in terms of NO formation between C-4b-Glu hap-lotype of eNOS and low nitrite/nitrate concentrations in blood [22] . In another study, the C-4b-Glu haplotype has been shown to be common in Black individuals with lower nitrite concentrations in plasma and whole blood compared to individuals with higher nitrite concentrations in plasma. These findings were similar to the results of studies in Caucasian individuals. Rather than ethnic classification, this condition shows that the genetic markers have a more important role in NO formation [27] . Another study that shows no association in healthy individuals between C-4b-Glu haplotype and development of cardiovascular disease, suggests studying C-4b-Glu haplotypes in individuals with cardiovascular disease.
In the literature, the effects of eNOS tagSNPs rs3918188, rs743506 and rs7830 haplotypes to NO bio-availability in Black individuals have been studied [28] . The frequency of the CA genotype for tag-SNP rs7830 haplotype and C-G-A haplotype has been found to be higher in individuals with lower blood nitrate concentration compared to individuals with higher blood nitrate concentration, although there was no significant difference in genotype results according to several investigations after multivariate analyses [28] . The effects of rs7830 tagSNP on blood nitrate concentrations have been shown and it was considered that a tagSNP may be a marker to indicate risk factors for cardiovascular disease.
Our study is the first to have investigated an association between seven eNOS gene polymorphisms and migraine. In previous studies of eNOS polymorphisms in the Edirne region, no associations have been detected between migraine and eNOS variable number of tandem repeats (VNTR) (eNOS 4a/b) [29] , and between stroke patients and a Glu298Asp eNOS polymorphism [30] . In our study, the lack of a significant association between genotype and allele frequency of the eNOS rs743506, rs207468799, rs2070744, rs1799983, rs148554851, rs180079 and rs3918226 gene polymorphisms in migraine patients and the control group may arise from ethnic differences in the populations.
Although migraine pathogenesis is not exactly understood, genetic and environmental factors are known to have an effect. We hypothesize that our results provide significant data regarding the Edirne geographical region. When our study is evaluated alongside other studies that have been carried out with different populations and ethnic groups, it allows us to better understand the role of eNOS polymorphisms in migraine pathogenesis. Determination of genetic factors in migraine etiopathogenesis can inform important changes in treatment strategies. Therefore, it has been claimed that the loss of productivity in the workplace and the social disability resulting from migraine, which negatively affects quality of life, can be considerably reduced.
In conclusion, this study demonstrated that there was no significant association between the eNOS rs743506, rs207468799, rs2070744, rs1799983, rs148554851, rs180079 and rs3918226 gene polymorphisms and migraine with or without aura, whether complicated or not, in the Turkish individuals we examined. Our results showed that the eNOS rs1799983, rs743506, rs2070744 and rs180079 gene polymorphisms can be a risk factor in migraine duration and severity in particular. Moreover, in our study, according to haplotype analysis results, the AGGTGGA haplotype has been shown to increase the severity and the duration of migraine more significantly in patients with migraine with aura, compared to patients with migraine without aura. The AGGTG-GA haplotype increases migraine-related disability and deterioration in quality of life, and it constitutes one of the most important results in our study. This condition may be associated with low blood nitrate concentrations. As with cardiovascular disease, abnormalities of NO formation may be a risk factor for the development of debilitating migraine with aura. But, these data should be built on, via studies in different populations and that use a higher number of patients.
The relationship between migraine and the NOTCH4 gene, mapped on chromosome 6p21.3, has been intensively investigated [31, 32] . While no significant association between R1346P and G835V NOTCH4 gene poly-morphisms and patients with migraine with or without aura and control groups has been detected, a significant association between migraine attack duration and severity has been reported [33] . Similarly, we did not detect any significant association between seven polymorphisms in the eNOS gene and migraine with or without aura. However, when the results are evaluated alongside clinical findings, we hypothesize that the TT genotype in the eNOS rs1799983 gene polymorphism could be a risk factor in migraine with aura patients who have headache duration of longer than 24 hours.
Two studies, conducted in Austria and Spain, reported that there was no significant association between eNOS rs1800779 and rs1799983 gene polymorphisms and migraine [2, 3] However, our data suggest that the eNOS rs1799983 gene polymorphism could have an important role in determining migraine attack duration and the intensity of these attacks. The most important aim of migraine treatment should be the reduction of duration and severity of the attacks. It has been claimed that treatment plan and medicine selection should be carried out on that basis. Our results support the hypothesis that vascular genetic factors play an important role in migraine pathogenesis. As a result, the eNOS rs743506, rs2070744, rs180079, and especially rs1799983 gene polymorphisms could be a risk factor in the formation of migraine symptoms. In this respect, we recommend that to clarify the significance of this gene polymorphism and haplotype analysis, it is necessary to perform a large scale study and prospective cohort study with an increased number of subjects, to more accurately judge the association of the polymorphism with migraine.
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